To evaluate the maternal-neonatal complications of a forceps delivery (FD) by using trapezoidal-Station (t-St), a 3-dimensional assessment of fetal head descent. Methods: This was a retrospective study of 1532 FDs conducted between 1985 and 2012. First, overall outcomes of FDs using t-St were analyzed between years. Second, for FDs from 2007 to 2012, a more detailed analysis of complications was drawn, making comparisons between normal deliveries (NDs) and FDs, and between t-St + 2 and t-St + 3/lower. Results: Of the 1532 FD cases performed in 28 years, two cases (0.1%) failed. Comparison of ND and FD cases from 2007 to 2012 revealed no significant difference in incidence of 4th degree perineal laceration. No perinatal deaths or cerebral palsy were noted. Comparison of t-St + 2 and t-St + 3/lower revealed no significant differences in blood loss volume, umbilical cord arterial blood pH, incidence of 3rd/4th degree perineal lacerations (OR, 0.88; 95% CI, 0.35-2.23), or incidence of Apgar score < 7 at 1 (OR, 1.93; 95% CI, 0.59-6.27) and 5 minutes (OR, 2.80; 95% CI,. Conclusions: FDs using the 3-dimensional assessment were performed safely. The t-St may be an objective and precise assessment of fetal head descent, enabling safe management of FDs.
Introduction
In the past few decades, overall rates of cesarean section have increased on a global scale. 1) Correspondingly, the rates of operative vaginal deliveries have decreased to 3.5-14.9%, from 13.1-18.3% of all births over the last few decades. [2] [3] [4] This tendency is particularly marked in the incidence of forceps deliveries (FDs), which now account for 0.7-4.6% of all births. 2, 4, 5) One reason for this shift is the widespread apprehension for severe maternalneonatal complications with FD, despite evidence to the contrary. 6, 7) Consequently, the imprudent choice of vacuum extraction-especially in adverse conditions wherein the descent of the fetal head is inadequate for its application-results in multiple trials of vacuuming, and further complications. These complications are mainly owing to the weaker traction force of the vacuum and the resultant stress to the fetal head. 8, 9) Forceps provide greater traction force, and relative to vacuum extraction, offer a higher success rate, usually with a single trial. 10) Another reason for the decreasing number of FDs is the difficulty in providing adequate training for forceps use, compared to that for vacuum extraction. 11) Training systems (e.g., birth simulators) may more effectively prepare physicians for the use of forceps, 11) and a renewed awareness has emerged surrounding the merits of FD. 6, 7) The concept of fetal station was first proposed in 1924 as DeLee's Station (d-St), which described the descent of the fetal head in relation to the ischial spines, along objective assessment of fetal descent. To overcome this limitation, we revised the conventional station assessment and introduced a concept to assess fetal descent based on a triangular or trapezoidal plane consisting of the ischial spines and the lower edge of the pubic symphysis, along the pelvic axis, referred to as the trapezoidal Station (t-St) ( Figure 1 ). 14) We also improved the forceps design such that they are thinner and lighter for easier handling; the improved forceps were named "UTokyo Naegele Forceps" (Atom Medical Corporation, Tokyo, Japan) ( Figure 2 ).
The aim of this study was to evaluate maternalneonatal complications of FDs by using t-St and to demonstrate the safety and reliability of FDs based on a 3-dimensional fetal head descent evaluation.
Materials and methods
This retrospective study analyzed data from maternal and neonatal clinical records of all FDs conducted at a tertiary university teaching hospital in Japan between January 1985 and December 2012. At this facility, all births including vaginal and cesarean deliveries were routinely assessed by t-St. The "UTokyo Naegele Forceps" were used for all FDs. Only low to outlet forceps were used, as mid-forceps ( ≥ t-St + 1) deliveries are neither permitted nor performed at our facility. Prolonged labor was defined as a second stage of labor lasting longer than two hours.
The t-St is defined as the shortest distance from the trapezoidal plane (t-St ± 0) to the presenting part, the latter of which was also divided into fifths (from t-St + 1 to + 5) along the obstetric pelvic axis as an anterior curve. 14) First, overall outcomes of FDs performed over 28 years were assessed ( Figure 3 ). Second, more detailed comparisons about maternal characteristics and maternalneonatal complications were made between normal deliveries (NDs) and FDs, and between t-St + 2 and t-St + 3/lower for deliveries conducted between 2007 and 2012.
Maternal-neonatal complications were compared between women who underwent ND (ND group) and those who underwent FD (FD group). Inclusion criteria for this comparison were as follows: a live singleton pregnancy, cephalic presentation, and over 34 weeks of gestational age. Deliveries involving confirmed fetal congenital diseases, chromosomal abnormalities, stillbirth, cesarean deliveries, and vacuum extraction were excluded from this analysis, as were cases with incomplete data (Figure 4 ).
To evaluate the safety of FDs based on t-St, women were divided into two groups, t-St + 2 and t-St + 3/ lower. T-St + 3/lower FDs (low level of low forceps to outlet forceps) were performed by obstetricians who a hypothetical vertical midline. 12) However, in reality, the fetal head descends anteriorly into the pelvis along the pelvic axis and not in the hypothetical vertical direction. 13) Therefore, the definition of station as evaluated by d-St may not be suitable for the precise and had completed more than three years of training in obstetrics and were certified by the Japan Society of Obstetrics and Gynecology, under the supervision of senior obstetricians. Only senior obstetricians with more than six years of specialist training, who were certified by the Japan Society of Perinatal and Neonatal Medicine, were allowed to perform t-St + 2 FDs (high level of low forceps).
Maternal outcome measures included volume of blood loss, need for blood transfusion, failed forceps, and incidence of severe perineal lacerations and cervical lacerations. The neonatal outcome measures included the incidence of neonatal injuries (cephalohematoma, facial nerve palsy, Erb's palsy, born fracture, eyeball injury, and any intracranial hemorrhage; minor bruising and skin abrasions were excluded), perinatal death, cerebral palsy, umbilical cord artery acidemia (defined as umbilical cord arterial blood pH < 7.20), and low Apgar score ( < 7 and < 4 at 1 and 5 minutes, respectively).
As this study was conducted as a retrospective study, informed consent was not obtained from individual patients. The study was approved by the Regional Ethics Committee of Saitama Medical Center, Saitama Medical University (#1198, 26 March 2015).
Student's t-test, Mann-Whitney U-test, and χ 2 test were performed to characterize the associations between the independent variables and outcomes of neonatal-maternal complications. The risk of complications for each group was presented as a crude odds ratio (OR) with 95% confidence intervals (95% CI). P < 0.05 was considered statistically significant. All statistical analyses were performed using PASW Statistics version 18.0.0.
Results
Of a total of 19,390 women, 1,532 (7.9%) underwent FD during the period from January 1985 to December 2012. Cesarean section was performed for 40.5% of all births. Among women undergoing FD, only two cases (0.1%) required cesarean section following a failed forceps ( Figure 3 ). The incidence of serious neonatal complications was low, at two cases each of subarachnoid hemorrhage and clavicle fracture. Figure 4 presents the outcomes of deliveries conducted from 2007 to 2012. Of the total of 6,070 women, 54.6% underwent cesarean section, 2.2% underwent vaginal delivery for breech presentation, multiple pregnancy, and vacuum extraction, and 3.2% had other conditions identified as exclusion criteria (fetal congenital disease, less than 34 weeks gestation, and stillbirth). Incomplete records or data sets accounted for 2.1% of cases. After excluding these cases, the remaining 2,301 deliveries were divided into the ND group (n = 2014) and the FD group (n = 287).
FD was performed for prolonged labor or dystocia (30.7%), non-reassuring fetal status (65.5%), and elective shortening of the second stage of labor in light of maternal complications (4.2%). Shortening of second stage labor was the indication in one case of an atrioventricular block and seizure, two cases of eclampsia, four cases of severe hypertensive disorders of pregnancy, three cases of chorioamnionitis, and one case of Kawasaki disease. The percentages of t-St + 2, t-St + 3, and t-St + 4/ + 5 were 15.3%, 60.3%, and 24.4%, respectively. None of the women underwent failed FD during the study period.
There were no significant differences in gestational age at delivery (p = 0.06) or incidence of preterm labor (p = 0.51) between the two groups. The FD group was significantly younger than the ND group (p < 0.001), while the percentage of nulliparous women was significantly higher in the FD group (p < 0.001). Birth weight was significantly lower in the ND group (p < 0.05) ( Table 1) .
Blood loss was higher in the FD group compared to the ND group (494 ml vs. 314 ml, p < 0.001). However, blood transfusion rates were similar in the two groups (0.3% each, p = 0.88). Only one woman in the FD group who had atonic bleeding required blood transfusion. Third-degree lacerations were significantly more frequent in the FD group than the ND group (13.9% vs. 0.9%, p < 0.001). However, the incidences of 4th degree lacerations (ND vs. FD: 0.1% vs. 0.3%, p = 0.27) and cervical lacerations (ND vs. FD: 6.6% vs. 9.4%, p = 0.08) were similar between the two groups ( Table 2 ).
There was one case of subarachnoid hemorrhage in the FD group. Neonatal complications such as cephalohematoma, facial nerve palsy, Erb's palsy, born fracture, eyeball injury, cerebral palsy, or perinatal death, were not reported at all during the study period. Incidence of umbilical cord arterial acidemia was significantly lower in the FD group compared to that of the ND group (1.8% vs. 8.4%, p < 0.001). The percentages of newborns with an Apgar score < 7 at 1 and 5 minutes were also significantly higher in the FD group compared to the ND group (at 1 minute, 5.6% vs. 2.1%, p < 0.001; at 5 minutes, 1.0% vs. 0.2%, p < 0.05). No significant difference was observed in the percentages of those with an Apgar score < 4 at 1 minute (ND, 0.7% vs. FD, 1.0%, p = 0.52). There was no case of Apgar score < 4 at 5 minutes in the FD group.
FDs for fetal station t-St + 2 were performed in 15.3%, and t-St + 3/lower in 84.7% of women. No significant differences were found in the volume of blood loss (534 ml vs. 485 ml, p = 0.07), incidence of severe perineal lacerations (OR, 0.88; 95% CI, 0.35-2.23), umbilical cord arterial blood pH (7.28 ± 0.08 vs. 7.30 ± 0.06, p = 0.08), and the percentages of newborns with an Apgar score < 7 at 1 (OR, 1.93; 95% CI, 0.59-6.27) and 5 minutes (OR, 2.80; 95% CI, 0.25-31.59) between the t-St + 2 and t-St + 3/lower groups (Table 3 ).
Discussion
In this large retrospective analysis spanning 28 years, FDs based on fetal head descent as assessed by t-St along with the use of "UTokyo Naegele Forceps" were performed safely, with a low rate of serious maternal or neonatal complications. We also demonstrated that the rates of maternal-neonatal complications in t-St + 2 deliveries were similar to those in t-St + 3 / lower deliveries. The data suggest that t-St + 2 FD are as safe as those at t-St + 3/lower.
Our study had a low incidence of failed forceps (0.1%). The high success rate of 99.9% covered a large-scale analysis spanning the 28-year study period. We noted only two cases each of subarachnoid hemorrhage and clavicle fracture. It is not clear if these complications were related to the FD itself since they gradually resolved and demonstrated a good prognosis. These good outcomes may be attributed to the use of t-St to assess fetal head descent.
Increased maternal age, higher maternal body mass index, and mean birth weight over 4,000 g were factors associated with a high rate of failed forceps. 15) Moreover, sequential use of forceps after a failed vacuum extraction, which was related to the risk of maternal-neonatal complications, 9) was not permitted at our facility. However, it should be recognized that FD success rates depend on the ability of the operator in relation to the range of indications.
Consistent with previous reports, the volume of blood loss and the incidence of 3rd degree lacerations were significantly higher in the FD group compared to the ND group. 16) The combined rates of reported anal sphincter rupture are 4.5-10% in FD. 17, 18) The independent risk factors for severe perineal lacerations, according to the literature, are performing a FD, which carry the highest risk among all operative vaginal deliveries (OR 3.33, 95% CI; 2.97-3.74), Asian race (OR 2.04, 95% CI; 1.43-2.92), nulliparity (OR 4.36, 95% CI; 2.17-9.57), and birth weight > 4,000 g (OR 2.27, 95% CI; 2.18-2.36). 17 -19) However, in our study, there were no significant differences in the incidence of 4th degree lacerations, regardless of race, nulliparity, or higher birth weight in the FD group compared to the ND group. In contrast to previous studies reporting a higher rate of blood transfusions in FD compared to ND (OR 2.81, 95% CI; 2.51-3.04), 20) our study found a similar percentage of patients requiring blood transfusion between the two groups.
Towner et al. reported that the incidence of neonatal complications such as subdural or cerebral hemorrhage, facial-nerve or brachial plexus injury, and mechanical ventilation was significantly higher for FDs compared to NDs. 21) The most frequent indication for FD in our study was a non-reassuring fetal status (65.5%), which is partly associated with a higher risk of neonatal complications. However, in our study, the rates of newborns with an Apgar score < 4 at 1 minute did not differ significantly between those in the FD vs. ND groups. In addition, we found no cases that involved an Apgar score < 4 at 5 minutes, neonatal deaths, or cerebral palsy during the study period. Our results suggest that a safe FD does not adversely affect neonatal outcomes.
Several studies suggest that mid-forceps may significantly increase maternal-neonatal complications; consequently, many hospitals avoid applying forceps in such instances. 8, 15, 22) Therefore, the Royal College of Obstetricians and Gynaecologists guidelines restrict the performance of mid-forceps deliveries to expert operators alone. 23) Given the above, mid-forceps (t-St + 1) deliveries are not permitted at our facility, even by senior obstetricians. We have found that precise evaluation of t-St + 2 leads to improved maternal-neonatal prognosis, while misdiagnosis of fetal head descent may result in failed forceps. Our analysis clearly demonstrates the safety of t-St + 2 FDs, which were performed only by senior obstetricians with advanced skills. Appropriate knowledge of the operator's ability, as well as adequate training systems were the most important factors ensuring the safety of FD. 11) Several studies have identified other methods (e.g., MRI or ultrasonography) for the precise and objective assessment of fetal head descent, but these assessments require specific devices. 24, 25) In contrast, assessing fetal head descent by t-St does not require any devices, making it potentially beneficial for a wide range of populations worldwide.
One strength of this study was the large sample size and the prolonged period of data collection at a single facility. In addition, the minimal skill level required to perform FD for different fetal stations was clearly defined in the study. This is the first study to analyze long-term outcomes in terms of maternal-neonatal complications with t-St-guided FD performed using the "UTokyo Naegele Forceps". One limitation of this study was our inability to analyze cases with malrotation in the ND group, due to missing data. In addition, the subjects of this study were only high-risk cases, which resulted in high cesarean section rates. Currently in Japan, there is a division of roles in that general practitioners only deal with low-risk cases. Our particular facility is classified as a Perinatal Medical Center, and thus deals with only high-risk cases. The efficacy of our training system, the learning curve of using t-St, and the effectiveness of t-St in combination with ultrasonography or MRI should be validated.
In conclusion, FDs based on t-St for fetal head station were performed safely with a very low rate of serious maternal-neonatal complications. The t-St may serve as an objective and precise reflection of fetal head descent, enabling safe management of FD.
